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cium rigor ensues. On the other hand, when potassium is in
excess the effect is the same as when calcium is lacking and po-
tassium present in the correct concentration; potassium inhibi-
tion is induced. The effects of these two cations upon the
action of the heart muscle are therefore antagonistic, one fa-
voring contraction, the other relaxation. Only when they are
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Fig. 4-35 Diagram of a frog's heart from behind.
Part of the wall of the sinus venosus has been cut
away. L.S.V.C., left superior vena cava; R.S.V.C.,
right superior vena cava.
present in balanced proportions, as in blood plasma, can the
normal rhythm of the heart be sustained.
The reaction of the perfusion fluid is also of prime impor-
tance. The optimum reaction is around a pH of 7.4. If the
fluid is too alkaline, an effect is produced upon the heart re-
sembling that of an excess of calcium; if the hydrogen ion con-
centration is too high (pH 7.0), it induces an effect similar to
that caused by an excess of potassium.
Lock's solution and Tyrode's solution are modifications of
Ringer's original fluid. They contain glucose, added for the
purpose of furnishing fuel for the heart muscle, and sodium
bicarbonate (0.02 per cent) which maintains the fluid at op-
timum hydrogen ion concentration. Tyrode's solution con-